Abstract: In today's highly competitive market, every business needs a high investment which is directly correlated to the return of the investment. The business will not be advantageous, if the return rate of investment is lesser than the inflation rate. In almost developed models, it is believed that distinct costs related with inventory systems will be constant all the time but in reality it is not true. As the time increases, inflation becomes a considerable function and the costs related to the model differ. This research article presents a production inventory model for deteriorating products with selling price dependent demand and shortages under inflationary environment. The production rate considered here is a function of occurring demand. The shortages during stock out assumed to be partially backlogged. The intention of this study is to compute the optimal value of production period and shortage period. A solution procedure and numerical example are presented to illustrate the implementation of proposed study. A sensitivity analysis with respect to distinct system parameters is also presented to check the stability of the optimal solution.
Introduction
Traditionally different inventory models presumed either demand is constant or dependent upon time but sovereign of selling price. Normally it is seen for many consumer products that the selling price of an item affects the consumption rate a lot. The demand for the product may vary with the selling price. So while developing the inventory models the effect of selling price on demand cannot be overlooked. Wee (1997) studied a replenishment policy for items with a price-dependent demand and a varying rate of deterioration. Mondal et al. (2003) developed an inventory system of ameliorating items for price dependent demand rate. Hsu et al. (2006) presented an inventory model with price and season pattern demand with expiry products. You and Hsieh (2007) developed an EOQ inventory model with price and stock dependent demand rate. Chang et al. (2010) suggested an inventory model for deteriorating items to examine optimal selling price and order quantity by assuming stock-and price dependent demand. Singh and Vishnoi (2013) suggested a supply chain inventory model by considering demand as price dependent for deteriorating and ameliorating items. Shortages are allowable in this model and holding cost is assumed as time dependent. Shastri et al. (2014) presented supply chain management for two-level trade credit financing by using preservation technology. In this model, it is considered that customer's demand depends upon the selling price of items. Tayal et al. (2014b) introduced a deteriorating production model by assuming demand is dependent upon price. Sharma et al. (2015) proposed a deteriorating inventory model with price sensitive demand and shortages. Recently, Rastogi et al. (2016b) presented two-warehouse inventory policy with price dependent demand and deterioration under partial backlogging.
In mostly developed models the role of inflation is not taken into the study due to belief that inflation does not play any significant role in the development of inventory models. But generally the models ignoring inflation misleads the results. Inflation refers an increase in the general level of prices of commodities and services in an economy over a period of time which results a decrease in the purchasing power of money. Due to a high rate of inflation many companies suffers a large decline in their purchasing power. So effect of inflation cannot be overlooked in the development of any inventory model. Firstly, Buzacott (1975) introduced the rate of inflation in inventory modelling with different pricing policies. Bierman and Thomas (1977) presented inventory decision policy by considering inflationary environment. Vrat and Padmanabhan (1990) discussed a model with stock-dependent consumption rate by considering inflationary environment. Hariga (1994) presented economic analysis of dynamic inventory models under inflation's effect. Ray and Chaudhuri (1997) introduced an EOQ model with stock-dependent demand pattern, shortage, inflation and time discounting. Wee and Law (2001) have investigated the effects of inflation, time value of money and deterioration on inventory model. Chang (2004) suggested an inventory model by introducing inflation's effect for deteriorating products. Jaggi et al. (2007) presented optimal replenishment policy under inflationary environment for deteriorating products by applying discounted cash flow (DCF) approach. For deteriorating items, Jaggi and Verma (2010) studied a two-warehouse system with linear trend in demand under inflationary environment. In this model, shortages are allowable with complete backlogging. Jain and Singh (2011) gave inflationary implications with uncertain lead time and expiration date on an inventory in a multi-echelon supply chain. Singh et al. (2011) introduced an optimal replenishment policy for ameliorating item with shortages under inflation and time value of money. Tayal et al. (2014c) developed a deteriorating model under inflationary environment with effective investment in preservation technology. Singh and Singh (2015) presented a progressive trade credit policy in a supply chain with and without stock out for supplier's lead time under inflation. Rao and Rao (2015) explored an EOQ model considering permissible delay in payments for deteriorating items under inflationary environment but shortages are not permitted in this model.
An EPQ model is that inventory control policy which determines the optimal production quantity to meet the occurring demand in a single replenishment cycle. Firstly, Misra (1975) introduced an EPQ model with the varying and constant deterioration's rate for deteriorating products. Choi and Hwang (1986) investigated a production inventory model to determine production rate for deteriorating products to minimise total cost (TC) function. Yang and Wee (2003) suggested a production-inventory system (multi-lot size) by considering constant rates of production and demand for deteriorating products. Singh and Jain (2009) explored a deteriorating inventory model for supplier credits with inflation-induced environment. Singh et al. (2012) introduced a warehouse production model under shortages and inflation. Goyal et al. (2013) presented an EPQ model considering ramp type demand for ameliorating/deteriorating items by applying genetic algorithm (GA) approach. Tayal et al. (2015) developed an economic production quantity model with non-instantaneously deteriorating products by considering variable holding cost.
For many years the researchers are working on deteriorating products in inventory modelling. There are so many products whose quality and quantity decreases with the increment in time. Mostly developed models assumed rate of deterioration is to be a constant but generally rate of deterioration varies with time. Aggarwal and Bahari-Hashani (1991) developed a model for constantly deteriorating products. Papachristos and Skouri (2003) presented an inventory model with deteriorating items, quantity discount and time-dependent partial backlogging of occurring shortages. Lin et al. (2006) introduced a common production cycle time for an economic lot size production inventory model for deteriorating items. Singh et al. (2010) analysed an EOQ model with Pareto distribution for deterioration, Trapezoidal type demand and backlogging under trade credit policy. Liang and Zhou (2011) presented two-warehouse inventory model for deteriorating items under conditionally permissible delay in payments. Dem and Singh (2013) analysed a production model with quality consideration for ameliorating items. Tayal et al. (2014a) studied a multi-item deteriorating inventory model with expiration date in which shortages are permitted. Singh et al. (2016a) introduced an EOQ model considering demand as stock dependent with trade credit for deteriorating products.
In many of the developed models the attention is not given to the shortages during stock out and if the researchers considered shortages they assumed it completely backlogged or completely lost. Both of these conditions do not satisfy the condition of backlogging completely. Since some customers come back to complete their demand occurring during stock out and some other impatient customers make their purchases from any other place. Dave (1989) presented a lot-size inventory model with allowable shortages and linear trend in demand. Chang and Dye (1999) developed an inventory model with time varying demand and partial backlogging. Dye et al. (2007) studied pricing and ordering policy with constant rate of partial backlogging for deteriorating products. Chern et al. (2008) studied a partial backlogging lot-size model for deteriorating commodities with fluctuating demand. Yang (2012) proposed a partial backordering inventory model for deteriorating items with fluctuating selling price and purchasing cost. Taleizadeh and Pentico (2013) introduced an economic order quantity model with a known price increase and partial backordering by considering two cases of ordering when there is positive or negative inventory. For deteriorating items, Singh et al. (2016b) studied an inventory model with stock dependent and seasonal pattern demand. Shortages are allowed and different conditions of backlogging are discussed in this model. Rastogi et al. (2016a) suggested an EOQ model under credit limit policy by considering variable holding cost. In this model shortages are allowed and the happening shortages are partially backlogged.
In this paper a production inventory model for deteriorating items under inflationary environment has been considered with allowable shortages. A numerical example is presented to illustrate the optimisation technique. Sensitivity analysis with respect to different associated parameters has also been presented to check the stability of the model.
Assumptions and notations
In order to develop present model, some specific assumptions used are given below: 1 model is developed for deteriorating products 2 the products demand is selling price dependent and is given by: 
Mathematical formulation of the model
This is a production inventory model. Initially at t = 0, production starts and inventory level piles up after satisfying the occurring demand and deterioration. At t = t 1 production stops and inventory level reduces by reason of demand and deterioration for the period v] . Afterward shortages take place up to t = T and is shown in Figure 1 . The happening demand throughout shortages is partially backlogged. 
with boundary conditions: 
Solving equation (1) 
Now using the condition I 1 (0) = 0, we get C = 0. Hence, solution of equation (1) 
Solving equation (2) 
Now using the condition I 2 (v) = 0, we get
Hence, solution of equation (2) 
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Solving equation (3), we get (3) is given by
The total average cost of the system in this case can be calculated as follow: 
• Production cost:
The present value of production cost is given by ( ) 
• Holding cost:
The present value of holding cost is given by . .
. .
. . • Lost sale cost:
The present value of lost sale cost ( )
( 1 ) (1 ) . . .
• Ordering cost:
Since the order is made at the beginning of each cycle, so there will be no inflation at ordering cost.
Now using the equations (9), (10), (11), (12), (13) and (14) in equation (8) 
obtained value of t 1 and v will be optimal and corresponding to these values, the value of T.A.C. will be optimal total cost. Figure 2 presents that model is convex. 
Numerical example
The following system parameters are used to demonstrate the model numerically. 
Sensitivity analysis
With regard to various associated parameters a sensitivity analysis is given which is shown below numerically as well as graphically.
6 Observations 1 Table 1 shows the effect of demand parameter (α) on t 1 , v and on T.A.C. From this, we noticed that with an increment in demand parameter (α), values of t 1 and v remain unaffected while value of T.A.C. increases. This effect can also be observed in Figure 3 .
2 Table 2 presents the effect of demand parameter (β) on t 1 , v and on T.A.C. It is noticed that an increment in demand parameter (β) shows a reverse effect of decrement in T.A.C. This effect can also be observed in Figure 4 .
3 From Table 3 , the change in production parameter (a) is observed. According to this table as value of production parameter (a) increases, values of all t 1 , v and T.A.C. increase. This effect can be observed by the Figure 5 also. Hence from a managerial point of view it is necessary to take care of production parameter which affects the profit quickly.
4 From Table 4 and Figure 6 , we notice that as the inflation rate (r) increases, value of T.A.C. also increases. Such a change in the system is extremely noticeable. An increase in the inflation rate decreases the producing or purchasing power. So decision maker can produce or purchase smaller quantity of inventories, which ultimately finish off sooner.
5 Table 5 presents the deviation of deterioration parameter (K) at distinct points and it is noticed as deterioration parameter (K) increases, value of total average cost also increases which is according to the realism. This effect can also be observed in Figure 7 .
6 Table 6 presents the deviation of backlogging parameter (θ) at distinct points and it is noticed as backlogging parameter (θ) increases, value of T.A.C. also increases. This effect can also be observed in Figure 8 . 
Conclusions
This model is developed with realistic features such as deterioration, price sensitive demand, shortages and inflation. In this study, production rate is considered as demand dependent, which meets the real-life situations and shortages during stock out assumed to be partially backlogged. Taking into consideration, all these realistic features are incorporated in the development of this model. A solution procedure is presented to compute the optimal value of production period and shortage period. The convexity of the total average cost function is also shown in the model. From this study we conclude that as the inflation rate increases, overall cost of the system also increases. The model presented here reflects the real life situation. An analytical formulation of the problem is presented. A numerical illustration and sensitivity analysis concerning with distinct parameters has been presented to make sure the stability of the optimal solution. This model has the further scope of extension in the field of trade credit period and stock dependent demand rate. Also the inventory holding cost and others cost can be considered as dependent upon time.
